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Description

Field of the invention

[0001] This invention relates to a pressure controlled
wind turbine enhancement system which can be integrat-
ed with new wind turbines or retrofitted to existing wind
turbines. The design uses a modified shroud, located di-
rectly upstream of a wind turbine Similar shrouds are
disclosed forexample in JP3048863U. The use of amod-
ified shroud augments the airflow directed past the
blades of the turbine in a manner which provides im-
proved power output from the turbine.

Background of the invention

[0002] In today’s environment of global warming and
environmental awareness, renewable energy is becom-
ing more and more important, with wind turbines, both
on and off shore, being the most well-established form
ofrenewable energy. While turbines have proven a viable
option for generating electricity, they do have their limi-
tations. One of the main issues with wind turbines is a
phenomenon known as the "Betz limit" which determines
the maximum limit of a wind turbine’s performance. This
results from a pressure drop across the rotor of the tur-
bine in which the air directly behind the blades is at sub-
atmospheric pressure and the air directly in front of the
blades is at greater than atmospheric pressure. This el-
evated pressure in front of the turbine deflects some of
the wind or upstream air around the turbine, thus putting
a limit on the amount of work which can be extracted by
the turbine.

[0003] However, this Betz limit is rarely reached in
most wind turbines, due to fluctuating wind velocities,
which is another drawback when using wind turbines.
Wind velocity cannot be guaranteed, and therefore the
power generated by wind turbines is inconsistent, and
this obviously creates issues when supplying electricity
for consumption. As a result it is normally necessary to
carefully select the site at which wind turbines are locat-
ed, choosing sites in areas having higher prevailing wind
velocities, and also generally choosing sites of moderate
elevation. It is also preferable to have the blades of the
turbine located at a certain height off the ground, as wind
velocity is generally higher at altitude as a result of the
drag experienced at ground level and the lower viscosity
of the air at height. Regardless of the height however, in
airflow over solid bodies such as turbine blades, turbu-
lence is responsible for increased drag and heat transfer.
Thus in such applications, and in this case wind turbines,
the greater the turbulence of the air or "wind" flowing over
the blades, the less efficient the transfer of energy from
the wind to the turbine blades.

Summary of the invention

[0004] According to the present invention there is pro-
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vided a pressure controlled wind turbine enhancement
system comprising the features of claim 1.

[0005] Preferably, the gap extends around substantial-
ly the full circumference of the shroud.

[0006] Preferably, the gap extends in a substantially
radial direction.
[0007] Preferably, the shroud comprises three or more

sections each separated from adjacent sections by are-
spective gap.

[0008] Preferably, the system comprises a support se-
curing the first and second sections relative to one an-
other.

[0009] Preferably, the support comprises a substan-
tially circular array of struts extending between and se-
cured to, the first and second sections of the shroud.
[0010] Preferably, each section of the shroud is sub-
stantially conical is shape. The first section has a steeper
taper than the second section. Preferably, the system
comprises pressure release means operable to vary the
air pressure within the shroud.

[0011] Preferably, the pressure release means com-
prises one or more apertures in the shroud.

[0012] Preferably, the pressure release means com-
prises one or more flaps provided about a corresponding
aperture in a wall of the shroud, the or each flap being
displaceable between a closed position occluding the ap-
erture and an open position exposing the aperture.
[0013] Preferably, the or each flap is displaceable, in
use, from the closed position upon a threshold pressure
being reached within the shroud.

[0014] Preferably, each flap is biased towards the
closed position.

[0015] Preferably, each flap is spring biased.

[0016] Preferably, the system comprises a base on

which the shroud is mounted.

[0017] Preferably, the shroud is pivotable on or with
the base.
[0018] Preferably, the base comprises a platform to

which a wind turbine is mountable.

[0019] Preferably, the system comprises guide means
adapted to displace the system to face into the wind.
[0020] Preferably, the system comprises one or more
nozzles mounted about the shroud and operable to inject
air into the airflow within and/or about the shroud.
[0021] Preferably, the base comprises ducting for sup-
plying air to the one or more nozzles.

[0022] Preferably, the one or more nozzles are formed
integrally with the base.

[0023] Preferably, the system is adapted to be mount-
ed to the exhaust of an existing air conditioning system.
[0024] Preferably, the system comprises a wind tur-
bine with which the shroud is integrally formed.

Brief description of the drawings

[0025]

Figure 1 illustrates a front perspective view of a pres-
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sure controlled wind turbine enhancement system
according to the present invention, in the absence
of a wind turbine;

Figure 2 illustrates a side elevation of the pressure
controlled wind turbine enhancement system of Fig-
ure 1; and

Figure 3 illustrates a front elevation of the pressure
controlled wind turbine enhancement system of Fig-

ures 1 and 2.

Detailed description of the drawings

[0026] Referring now to the accompanying drawings
there is illustrated a pressure controlled wind turbine en-
hancement system, generally indicated as 10, which is
adapted to augment the velocity and/or profile of the air
flow past an otherwise conventional wind turbine (not
shown) in order to improve the power output of said tur-
bine. It will be appreciated from the following description
of the drawings, that the enhancement system 10 may
be retro fitted to an existing wind turbine, or may be
formed integrally with a new wind turbine.

[0027] The enhancement system 10 comprises a sub-
stantially conical shroud 12 open at either end, and
mounted, in the preferred embodiment illustrated, to a
base 14 on which the shroud 12 can rotate in order to
track the prevailing wind, as will be described in detail
hereinafter.

[0028] The shroud 12 is comprised of a first section 16
and a second section 18 separated from one another by
a circumferentially extending gap 20. It is also envisaged
that additional sections (not shown) may be provided,
with each section then being separated from adjacent
sections by a respective gap (not shown). The gap 20,
in the embodiment illustrated, extends in a direction sub-
stantially parallel to a longitudinal axis of the shroud 12,
although alternative orientations are also envisaged.
[0029] In the embodimentillustrated the first and sec-
ond sections 16, 18 are secured relative to one another
by a support in the form of circular array of struts 22 ex-
tending across the gap 20 between the first and second
section 16, 18 and secured thereto. The shroud 12 is
then itself secured to the base 14 by a number of ties 24
extending from a position adjacent the top of the base
14, outwardly to be fixed to the shroud 12, with the same
arrangement being provided at the bottom of the shroud
12. The shroud 12 is also preferably reinforced by the
provision of a number of reinforcing rings 26 circumscrib-
ing both the first and second sections 16, 18. These may
be of metal or any other suitable material. The shroud 12
itself may also be formed from any suitable material, for
example sheet metal, fibreglass, carbon fibre or the like.
It will be appreciated that the construction of the shroud
12, as well as the method of securing same to the base
14, could be varied once the underlying functionality, as
provided by the gap 20 separating the first and second
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sections 16, 18, is maintained.

[0030] The enhancement system 10 further comprises
pressure release means in the form of an array of flaps
28 in both the first section 16 and the second section 18,
each flap 28 being positioned to overlie and therefore
occlude a corresponding aperture 30 in the side wall of
the first or second section 16, 18. The flaps 28 are dis-
placeable between a closed position occluding the cor-
responding apertures 30 and an open position exposing
the apertures 30, and therefore allowing airflow from the
interior to the exterior of the shroud 12, as will be de-
scribed in detail hereinafter.

[0031] In the embodiment illustrated the flaps 28 are
spring biased toward the closed position. This is achieved
by fixing each flap 28 to a cantilever arm 32 located about
the exterior of the shroud 12, which arms 32 are suitably
spring biased against the shroud 12. This may be
achieved in a number of ways, for example by providing
a leaf spring, coil spring, pneumatic/hydraulic ram, or any
other functional equivalent. The spring biasing is chosen
such that it may be overcome when a pre-determined
pressure is reached within the shroud 12. In this way if
the pressure extends beyond that pre-determined value,
the flaps 28 will be forced outwardly in order to expose
the corresponding apertures 30, thereby relieving the
pressure within the shroud 12. The purpose of this pres-
sure release is described in detail hereinafter. It will be
appreciated that the operation of the flaps 28 may be
controlled by any other suitable means, for example us-
ing electronic control means cooperating with suitable
actuators (not shown) to control the movement of the
flaps 28. A pressure sensor (not shown) could be provid-
ed to monitor the pressure within the shroud 12, and com-
municate this information to the electronic control means
in order to allow correct control of the flaps 28.

[0032] Finally, the system 10 comprises a pair of guide
vanes 34 mounted outboard of the shroud 12 on a frame
36 extending from the reinforcing rings 26. The guide
vanes 34 are positioned to allow the enhancement sys-
tem 10 to weather vane in order to track the prevailing
winds and therefore maximise the energy channelled on-
to the wind turbine (not shown). This may be achieved
in a number of alternative ways, for example use of a
single guide vane extending from the base 14 or the
shroud 12, or by using an electronic and/or mechanical
actuator (not shown) in order to track the prevailing wind
and rotate the shroud 12 or the enhancement system 10,
above abearing or yaw mechanism (not shown) to follow.
[0033] Turning then to the operation of the enhance-
ment system 10, the shroud 12 is of substantially trun-
cated conical shape, although in the embodiment illus-
trated the first section 16 has a steeper taper than the
second section 18. The overall profile of the shroud 12
is conical, and in use a wind turbine (not shown) is mount-
ed directly downstream of the smaller diameter end as
defined by the second section 18. The turbine (not
shown) is preferably mounted to a platform 38 provided
on the base 14, for example via a hub of the turbine (not
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shown). The turbine may however be secured relative to
the enhancement system 10 by any other suitable
means, and it is envisaged that the turbine (not shown)
may use a separate support (not shown) than that of the
enhancement system 10. The system 10 is then allowed
to weather vane to face into the oncoming wind, which
is then captured by the shroud 12 and the airflow thus
accelerated and redirected onto and across the blades
of the turbine, in order to generate electricity.

[0034] In use, the initially turbulent wind flows into the
first section 16 of the shroud 12, and due to the tapered
shape of the first section 16, this wind is accelerated and
redirected through the shroud 12, while partially reducing
the turbulence of the wind. The wind then passes into
the second section 18, with the gap 20 forming a transi-
tion between the first and second sections 16, 18. As
mentioned above, the second section 18 has a shallower
angle or taper relative to the first section 16, as can be
clearly seenin Figure 2. In order to avoid excess pressure
build up of the airflow on the interior sidewall of the shroud
12 as it passes from the first section 16 to the second
section 18, the gap 20 allows some pressure to be alle-
viated from the interior of the shroud 12, in order to ac-
celerate the airflow and maintain the continuity of airflow
and therefore prevent the introduction of turbulence at
the transition between the first and second sections 16,
18. The air then continues through the second section
18, where its velocity is again increased due to the taper
of the second section 18, and the remaining turbulence
is significantly reduced or eliminated. The accelerated
airflow then exits the second section 18 and flows across
the wind turbine (not shown) in order to generate elec-
tricity or mechanical energy.

[0035] By reducing the taper on the second section 18
relative to the first section 16, the increase in pressure
across the shroud 12 can be controlled, in order to pre-
vent excessive pressure being developed, which can re-
strict the volume of air which can then pass through the
shroud 12. However, depending on the local wind con-
ditions, pressure spikes within the shroud 12 may still be
experienced, leading to inconsistent airflow through the
shroud 12, and therefore inconsistent power generation
via the wind turbine (not shown). In order to overcome
this problem the turbine system 10 is provided with the
pressure release means in the form of the array of flaps
28 and corresponding apertures 30 in the shroud 12. In
the embodiment illustrated the pressure release means
are provided in both the first and second section 16, 18,
although it will be appreciated that it could be restricted
to one or other section or omitted entirely. Thus when
such a pressure spike is building within the shroud 12
the array or flaps 28 will be forced open against their
spring biasing, thereby allowing a reduction in the pres-
sure within the shroud 12. This will thus ensure a con-
sistent airflow through the shroud 12, in order to maximise
the energy transferred to the wind turbine (not shown).
Depending on the dimensions of the system 10, and in
particular the shroud 12, the threshold pressure at which
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the flaps 28 will open may be varied by altering the spring
biasing of same. It is also envisaged that the pressure
release means could take forms other than the array of
flaps 28, once the underlying pressure reducing function-
ality is maintained.

[0036] Itwillbe appreciated thatthe basic shape and/or
configuration of the system 10 may be varied while main-
taining the above-mentioned functionality. As an exam-
ple, the interior or the exterior surface of the shroud 12,
or the guide vanes 34, could be provided with means for
harvesting solar energy (not shown) mounted thereon,
in order to supplement the power generated by the tur-
bine itself Alternatively the electricity generated by such
solar energy harvesting means could be used to drive a
starter motor of the wind turbine (not shown), in order to
allow the turbine to operate during periods of reduced
wind speed.

[0037] In addition, the system 10 could comprise one
or more nozzles (not shown) provided about the shroud
12 and adapted to issue high velocity jets of air towards
orinto the shroud 12, ata velocity and in a direction which
conditions the airflow by both reducing the turbulence,
controlling the pressure and increasing the velocity of air
flowing through the shroud 12. The number and design
of nozzles, in addition to the positioning of same about
the shroud 12, may be varied as required. For example,
itis envisaged that the base 14 could itself form a nozzle,
with air being supplied through the interior of the base
14 and one or more apertures or nozzles (not shown)
being formed in the sidewall of the base 14, at a position
facing the interior of the shroud 12. In this was the jets
of air would issue directly from the base 14, avoiding the
requirement to provide a separate array of nozzles.
[0038] The enhancement system 10 could be mount-
ed, for example, with the shroud 12 in the locality of the
exhaust of a relatively large scale ventilation system (not
shown) for example as used in an underground car park
or large office building or the like. Thus rather than wast-
ing the energy in the exhausted air, it could be used to
power a turbine, with the aid of the enhancement system
10, in order to generate power.

[0039] By using the pressure controller shroud 12 of
the present invention, a wind turbine can have an in-
creased energy output.

[0040] It should also be noted that as the turbine is
producing more energy per m2 of the sweep area, the
blades can be reduced in size, and the height at which
the blades are positioned, can also be reduced, thereby
reducing the initial cost of the turbine and increasing the
number of sites at which wind turbines can be deployed.
[0041] The pressure controlled wind turbine enhance-
ment system 10 of the present invention therefore pro-
vides a simple yet highly effective means and method of
improving the performance of a wind turbine. The en-
hancement system 10 involves very few moving parts,
which is beneficial for reliability while also minimizing
cost. The various components of the turbine system 10
may be manufactured from any suitable material, but
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preferably from a lightweight material such as plastic, a
composite, or other material.

Claims

1.

10.

A pressure controlled wind turbine enhancement
system (10) comprising a shroud (12) and a turbine
located downstream of the shroud, the shroud com-
prising at least first and second sections (16,18) sep-
arated from one another by a gap, (20) wherein the
first section (16) has a steeper taper than the second
section, (18) the gap (20) allowing pressure to be
alleviated from the interior of the shroud in order to
accelerate the airflow and maintain the continuity of
airflow, and therefore prevent the introduction of tur-
bulence, at the transition between the first and sec-
ond sections.

A system according to claim 1 in which the gap ex-
tends around substantially the full circumference of
the shroud.

A system according to claim 1 or 2 in which the gap
extends in a substantially radial direction.

A system according to any preceding claim in which
the shroud comprises three or more sections each
separated from adjacent sections by a respective

gap.

A system according to any preceding claim compris-
ing a support securing the first and second sections
relative to one another.

A system according to claim 5 in which the support
comprises a substantially circular array of struts ex-
tending between and secured to, the firstand second
sections of the shroud.

A system according to any preceding claim in which
each section of the shroud is substantially conical in
shape.

A system according to any preceding claim compris-
ing pressure release means operable to vary the air
pressure within the shroud.

A system according to claim 8 in which the pressure
release means comprises one or more apertures in
the shroud.

A system according to claim 8 in which the pressure
release means comprises one or more flaps provid-
ed about a corresponding aperture in a wall of the
shroud, the or each flap being displaceable between
aclosed position occluding the aperture and an open
position exposing the aperture.
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1.

12.

13.

14.

15.

A system according to claim 10 in which the or each
flap is displaceable, in use, from the closed position
upon a threshold pressure being reached within the
shroud.

A system according to claim 10 or 11 in which each
flap is biased towards the closed position.

A system according to claim 12 in which each flap
is spring biased.

A system according to any preceding claim compris-
ing a base on which the shroud is mounted.

A system according to any preceding claim compris-
ing a wind turbine with which the shroud is integrally
formed.

Patentanspriiche

1.

Druckgesteuertes Windkraftanlagen-Verbesse-
rungssystem (10), umfassend einen Leitmantel (12)
und eine stromabwarts des Leitmantels liegende
Turbine, wobei der Leitmantel mindestens einen ers-
ten und einen zweiten Abschnitt (16, 18), die durch
einen Spalt (20) voneinander getrennt sind, umfasst,
wobei der erste Abschnitt (16) eine steilere Konizitat
aufweist als der zweite Abschnitt (18), wobei der
Spalt (20) ermdglicht, dass Druck vom Inneren des
Leitmantels abgeschwacht wird, um den Luftstrom
zu beschleunigen und die Kontinuitat des Luftstroms
aufrechtzuerhalten und dadurch das Einbringen von
Turbulenzen am Ubergang zwischen dem ersten
und dem zweiten Abschnitt zu verhindern.

System nach Anspruch 1, wobei sich der Spalt um
im Wesentlichen den gesamten Umfang des Leit-
mantels erstreckt.

System nach Anspruch 1 oder 2, wobei sich der Spalt
in einerim Wesentlichen radialen Richtung erstreckt.

System nach einem der vorangehenden Anspriiche,
wobei der Leitmantel drei oder mehr Abschnitte um-
fasst, die jeweils durch einen jeweiligen Spalt von
benachbarten Abschnitten getrennt sind.

System nach einem der vorangehenden Anspriiche,
umfassend eine Halterung, die den ersten und den
zweiten Abschnitt relativ zueinander befestigt.

System nach Anspruch 5, wobei die Halterung eine
im Wesentlichen kreisférmige Anordnung von Stre-
ben umfasst, die sich zwischen dem ersten und dem
zweiten Abschnitt des Leitmantels erstrecken und
daran befestigt sind.
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System nach einem der vorangehenden Anspriiche,
wobei jeder Abschnitt des Leitmantels im Wesentli-
chen eine konische Form aufweist.

System nach einem der vorangehenden Anspriiche,
umfassend ein Druckentlastungsmittel, das betatig-
bar ist, um den Luftdruck innerhalb des Leitmantels
zu verandern.

System nach Anspruch 8, wobei das Druckentlas-
tungsmittel eine oder mehrere Offnungen in dem
Leitmantel umfasst.

System nach Anspruch 8, wobei das Druckentlas-
tungsmittel eine oder mehrere Klappen umfasst, die
um eine entsprechende Offnung in einer Wand des
Leitmantels bereitgestellt sind, wobei die oder jede
Klappe zwischen einer die Offnung verdeckenden
geschlossenen Stellung und einer die Offnung frei-
legenden offenen Stellung verlagerbar ist.

System nach Anspruch 10, wobei die oder jede Klap-
pe in Gebrauch aus der geschlossenen Stellung ver-
lagerbarist, wenn ein Grenzdruckinnerhalb des Leit-
mantels erreicht wird.

System nach Anspruch 10 oder 11, wobei jede Klap-
pe in Richtung der geschlossenen Stellung vorge-
spannt ist.

System nach Anspruch 12, wobei jede Klappe eine
Federvorspannung aufweist.

System nach einem der vorangehenden Anspriiche,
umfassend einen Sockel, auf dem der Leitmantel
montiert ist.

System nach einem der vorangehenden Anspriiche,
umfassend eine Windkraftanlage, mit der der Leit-
mantel integral ausgebildet ist.

Revendications

Systeme d’amélioration d’éolienne a commande par
pression (10) comportant un carénage (12) et une
turbine située en aval par rapport au carénage, le
carénage comportant au moins des premiere et
deuxieéme sections (16, 18) séparées I'une de 'autre
par un espace (20), dans lequel la premiére section
(16) présente une conicité plus raide par rapport a
la deuxiéme section (18), 'espace (20) permettant
un atténuement de la pression depuis l'intérieur du
carénage afin d’accélérer I'écoulement d’air et de
maintenir la continuité de I'’écoulement d’air, et par
conséquent empécher l'introduction de turbulence,
au niveau de la transition entre les premiere et
deuxiéme sections.
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2,

10.

1.

12.

13.

Systeme selon la revendication 1, dans lequel I'es-
pace s’étend sensiblement autour de toute la circon-
férence du carénage.

Systeme selon larevendication 1 ou la revendication
2, dans lequel I'espace s’étend dans une direction
sensiblement radiale.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le carénage comporte trois
sections ou plus séparées, chacune, par rapport aux
sections adjacentes par un espace respectif.

Systeme selon I'une quelconque des revendications
précédentes, comportant un support servant a as-
sujettir les premiere et deuxieme sections 'une par
rapport a l'autre.

Systeme selon larevendication 5, dans lequel le sup-
port comporte une série sensiblement circulaire
d’étais s’étendant entre les premiére et deuxiéme
sections du carénage et assujettis a celles-ci.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel chaque section du caré-
nage est de forme sensiblement conique.

Systeme selon I'une quelconque des revendications
précédentes, comportant un moyen de décharge de
pression servant a faire varier la pression de l'air a
I'intérieur du carénage.

Systeme selon la revendication 8, dans lequel le
moyen de décharge de pression comporte une ou
plusieurs ouvertures dans le carénage.

Systeme selon la revendication 8, dans lequel le
moyen de décharge de pression comporte un ou plu-
sieurs volets mis en oeuvre autour d’'une ouverture
correspondante dans une paroi du carénage, le ou
chaque volet étant en mesure d’étre déplacé entre
une position fermée permettant I'obturation de
I'ouverture et une position ouverte permettant I'ex-
position de I'ouverture.

Systeme selon la revendication 10, dans lequel le
ou chaque volet est en mesure d’étre déplacé, lors
de l'utilisation, depuis la position fermée quand une
pression de seuil est atteinte a l'intérieur du caréna-

ge.

Systeme selon la revendication 10 ou la revendica-
tion 11, dans lequel chaque volet est sollicité vers la
position fermée.

Systeme selon la revendication 12, dans lequel cha-
que volet est sollicité par ressort.
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14. Systéme selon I'une quelconque des revendications
précédentes, comportant une base sur laquelle le
carénages est monté.

15. Systéme selon I'une quelconque des revendications
précédentes, comportantune éolienne aveclaquelle
le carénage est formé d’un seul tenant.
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Fig. 1
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